Activity of most enzymes of the key-metabolic pathways depend on the content of adenine nucleotides, such as ATP, ADP and AMP, in cells. Based on the level of these nucleotides, the adenylate energy charge (AEC) was defined as AEC = ( Soil microorganisms and the enzymes they secrete are connected with biological processes which form soil fertility in all ecosystems, including forests. Forests are such ecological systems which are an integral complex and their dysfunction could be caused by permanent influence of anthropogenic factors, including industrial emission of gases and dusts.
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The aim of this study was the determination of changes in adenylate energy charge values and fluorine content in the humus layer of forest-podsol soils affected by the emission of Police Chemical Plant. During a year, soil samples were taken five times (in October 2007, February, April, June and September 2008) from five different sites Wkrzañska Forest near Wêgornik, Tatynia, Tanowo, Trzeszczyn and Moeciêcino. In the samples, concentration of fluorine, both water-soluble (extracted by 0.01 M CaCl 2 ) and potentially accessible to plants (extracted by 2 M HClO 4 ), was assayed by potentiometry. Additionally, the content of adenine nucleotides was assayed by chromatography. Based on the content of nucleotides, adenylate energy charge values in soil were calculated. The AEC values and fluorine content in soil depended on a distance from the emitter and the dates on which the samples were taken. In order to determine the relationships between the fluorine content and AEC values, Pearson's correlations coefficients were calculated. Between
INTRODUCTION
Forest ecosystems as ecological structures are an integral complex. They include organisms and their abiotic environment. Dysfunction of their functioning could be caused by permanent influence of anthropogenic factors, including industrial emission of gases and dusts .
Soil is one of the environmental elements which are strongly affected by pollution. Soil is highly biologically active and depressing soil activity indicates soil contamination. The activity of most enzymes of key-metabolic pathways depends on the content of adenine nucleotides, such as adenosine tri-(ATP), di-(ADP) and monophosphates (AMP)in cells. These three adenine nucleotides give information about adenylate energy charge, which was defined by ATKINSON and WALTON (1977) The aim of study was to determine changes in the fluorine content and AEC values in forest-podsol soils affected by emission from Police Chemical Plant and located at different distance from the source of emission, and to assess the relationship between the fluorine content and AEC.
MATERIAL AND METHODS
The material for analyses consisted of soil samples taken from the humus layer of forest-podsol soils affected by the emission of Police Chemical Plant. During a year, soil samples were taken five times (in October 2007, February, April, June and September 2008) from five different sites in Wkrzañska Forest near Wêgornik, Tatynia, Tanowo, Trzeszczyn and Moeciê-cino. The location of the sites is presented in Table 1 . The organic carbon content in these soils was between 10-12%.
In the soil samples, concentration of water-soluble fluorine (extracted by 0.01 M CaCl 2 ) and plant available fluorine (extracted by 2 M HClO 4 ) was assayed by potentiometry with a pH/mV Orion 920 A device with an ionselective fluorine electrode, according to LARSEN and WIDDOWSON (1971) and according to OGOÑSKI and SAMUJ£O (1996) as modified by NOWAK and KURAN (2000) .
Measurements of adenine nucleotides and calculations of the adenylate energy charge were made according to the procedure elaborated by BAI et al. (1988) as described by DYCKMANS and RAUBUCH (1997) . Dimethylsulphoxide (DMSO), Na 3 PO 4 (10 mM) buffer + EDTA (20 mM) at pH 12 were used as extractants. After derivatisation with chloracetaldehyde, adenine nucleotides were determined by HPLC. The separation was carried out on a Hypersil C18 5µ ODS (250 × 4.6 mm) column. Chromatography was performed isocratically (2 cm 3 min -1 ) with 50 mM ammonium acetate buffer containing 1 mM EDTA and 0. The results were processed statistically using two-way analysis of variance. The least significant differences (LSD) were determined by Tukey's test at α = 0.05. In order to determine relationships between the fluorine content and AEC values, the results were analysed statistically using Pearson's linear correlation coefficients. Statistical calculations were carried out with the use of Statistica 8.0 programme.
RESULTS AND DISCUSSION
During the study, significant differences of water-soluble and plant available fluorine in forest soils were noticed for all sampling dates and sites. The water-soluble fluorine content was in the range of 1.259 to 10.272 mg kg -1 d.w. soil, and the content of fluorine potentially available to plants was in the range from 59.3 to 302.1 mg kg -1 d.w. soil (Table 2) . These values are similar to the fluorine content in garden soils affected by emissions from Police Chemical Plant, which was determined by K£ÓDKA et al. (2008) . The smallest mean content of fluorine, both water-soluble and potentially accessible to plants, was recorded near Trzeszczyn, in the SW direction. The largest water-soluble fluorine content was found in soil samples taken from
the farthest site from the emitter (Wêgornik, 10 km W), whereas fluorine potentially accessible to plants was the most abundant in Moeciêcino, which is remote from Police Chemical Plant. Nevertheless, results of many studies have shown that fluorine content in soil diminishes with a growing distance from the emitter of this element (FRANZARING et al. 2006) . A reverse relationship has been determined for the water-soluble fluorine content. However, in the present study, same as in the investigations completed by K£ÓDKA et al. (2008) , no relationship has been found between the content of fluorine potentially accessible to plants and the distance from Police Chemical Plant. Fluorine content in forest soil was the highest in spring, which could have been caused by decay of shed leaves and needles, which accumulated fluorine from air (FRANZARING et al. 2006) . Afterwards, the fluorine content in forest soil decreased. K£ÓDKA et al. (2008) (Table 3) and depended on the fluorine content. Many authors showed that AEC decreased in the presence of xenobiotics in soil, for example heavy metals (CHANDER et al. 2001 ) and pesticides (LEHR et al. 1996 , NOWAK et al. 2006 .
The calculated coefficients of Pearson's linear correlation showed a significant negative relationship between the fluorine content in soil and adenylate energy charge (Figure 1) . However, the correlation coefficients between the water-soluble fluorine content and AEC were significant at p = 0.01, and between the content of fluorine potentially accessible to plants and AEC were significant at p = 0.05. Thus, AEC could be a very good indicator of fluorine (especially in its water-soluble form) content in soil. Other biochemical parameters could be used for bioindication of soils contaminated with fluorine. NOWAK et al. (2005) showed that inhibition of the activity of phosphatases, β-glucosidase and dehydrogenase was significantly positively correlated with fluorine content in soil. Earlier studies by other authors showed that soil enzymatic activity, especially that of acid phosphatase, could also be a very good indicator of soil contamination with this element ).
CONCLUSIONS
1. Fluorine content in the humus layer of forest-podsol soils depended on the distance from Police Chemical Plant and increased with a growing distance from the emitter.
2. Adenylate energy charge values depended on the fluorine content in soil, especially in its water-soluble form, and significantly decreased with an increasing concentration of this element.
3. Adenylate energy charge could be a very good indicator of fluorine content in forest soil.
